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9PPEKTHBHOCTH B3PBIBA CMECEM AMMHMAYHON CEJHTPBI
C TBEPJABIMH I'OPIOYMMH HCKOIIAEMBIMH

N. V. BODOEV, V. P. GORKOVENKO

EXPLOSION EFFICIENCY OF THE MIXTURES OF AMMONIUM
NITRATE WITH SOLID COMBUSTIBLE FOSSIL FUEL

Bricokas CTOMMOCTBH, ONACHOCTH B OOpallleHWW H IaryO0HOe BJIUSHUE Ha
3I0POBbE JIIOAEH M OKPYIKAIOUIYIO CPeAy TPOTHUIOCOLEpP KAIIUX B3PhIBYA-
TeIX BeiecTB (BB) 00ycyioBMIM IIMPOKOE MCIOJB30BAaHHE B TOPHOM IIPO-
U3BOJCTBe OecTpoTuioBEIX BB, B TOM 4Ymcyie Ha OCHOBE CMECH aMMUAYHON
cenutrpsl (AC) u yroasHOro mopoimka [1, 2].

PacnpocrpaseHuio 6ectpoTusioBeiXx BB cmoco6ecTByeT BO3MOYKHOCTE I'OTO-
BUTh UX HEIOCPEACTBEHHO Ha YrOJILHBIX pas3pesax. OLHAKO OTHOCUTEIBHO
Huskasa paborocrmocobHocTs cmeceit AC M yrosbHOTO TIOPOIIKA HE Bcerga
ycTpauBaeT IIPOM3BOACTBO. IlosTOMY MOBBINIEHHE 3P (PEeKTUBHOCTA B3pPHIBA
Takux BB mpeacraBisieT HeCOMHEHHBIN HHTepec. Mcxoass u3 IIPEAIIOJIO-
JKeHusI O BJIMUSHUM KadecTBa YIOJBHOTO IIOPOIIKA Ha 3(E(EeKTHBHOCTH
B3pBIBa B JaHHO! pabGoTe NpPOBELEHO CPABHUTEJIBHOE HCCIEeLOBaHHE CMe-
ceii AC ¢ TBepABIMU TOPIOUYNMHU KMCKOMAEMBIMU PA3JIMYHOU IIPUPOAEI.

ITo cBOeMy IIDOMCXOJKIEHHIO TBEpPAble TOPIOUYNE WCKOIaeMble IeJATCS
Ha JBe IPYNNbl — TyMYCOBBIe YIJIM M CAIPONEJUTHI. K mepBoi rpymme
OTHOCATCS TOP(d, Oyphble U KaMeHHBIe yIJIM U AHTPAIUTHI, KO BTOPOH —
CaIlpOIEeJINTOBEIE YIJIM U Troployue ciaaHNbl. CampoleluThl OTJIUYAIOTCS
BBEICOKHM COZepKaHueM Bogopoza (8—12 9%) ¥ IOBBIMIEHHHIM BEIXOLOM
neryuux BemectB (50—60, unorga mo 90 %). Bapsacckue nuNTOOGHUOIHUTEI,
obpasoBaBlIMecss U3 KYTHUKYJOBEIX BOZOPOC]El, XapaKTepu3yHTCa COLEp-
JKaHHeM BOJOpPOAA M BBHIXOJOM JIETYUYUX OJU3KUMHU K TAKOBBIMHU JAJISI CATIPO-
IIEJIUTOB.

B paGore ObIIM KMCIIONB30BAHBI: KAMEHHBINA YTOJb (YyroJib IBIJIEBUIHBIHA
A nureiiHoro mpousBojcTBa TY12-01-86) B Buae mopolika ¢ pasMepoM
yactul, MmeHee 1 mm; KeporeH HembLismui (TY 3810940-75; KoHIeHTPAT
OPraHWYeCKOr'0 BeIlleCTBA TIOPIOYEro CJIaHI[a, CMEIIaHHBIH C MSAC4YUTE-
jJeM — HepraHbiM maciom WH-6); u canmpomenuToBelii yroab Co6oseB-
CKOT'O0 MeCTOPOKJIeHus. UToOBI IpPeAOTBPATHUTH paccjlauBaHHUE CMECH, IIPHU
pyuHoMm cmemuBaHuu AC ¢ neiabi0 go6aBasau 10 M Bogsl Ha 1 Kr cMecH.

OrHOCHUTeNBHYIO 2 deKTUBHOCTh HeilicTBus B3pbiBa BB oleHuBasu Ha
CTeHJle TO0 BeJHYUWHe O00KaTusd cBUHIOBoro muauHzpa. Crenp (puc. 1)
COCTOSIJI M3 CTAJILHOI'O OCHOBaHHUs, cBuHIloBoro muauHzapa (I'OCT 5984-80),
HaKOBaJbHHU, AUCTAHIIMOHHOTO KOJbIA U THJIL3BI AJIS O0OJOUYKH U3 IECKa.
Co cTOpPOHBI OOKOBOM IOBEPXHOCTH M CBEPXY MCIBLITYEeMBIN 3apsaj] ObLI
OKPYKeH TOJICTOCTEHHON OO0OJOYKOM M3 BOJOHACHIIIEHHOTO IIeCKa, KOTO-
pas obecneunBaJsia IMOJHOTY JETOHAIIUU Harke B caydae BB ¢ mMOHMIMKEeHHOM
YyBCTBUTEJBHOCTHIO K JeToHAIuu. B KayecTBe NMPOMEIKYTOUHOI'O AETOHA-
TOpa HCIOoJIb30Baau maTpoH amMmoHuTa Ne 63KB maccoit 200 r, MHMIUH-
PYeMBbIii 3JIEKTPOLETOHATOPOM HJIM KAICIJeM-AeTOHATOPOM.
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9dbdexTuBHOCTE pAelicTBusi BB, oleHuBaemas II0 BeJHYUHe O00XKaTUSA
CBMHIIOBOTO HUJIMHAPA R, MM. OompeAeseTcss mo GopmyJie

h = hy — hy,

rae h, — cpegHAs BBICOTA LUJIHHAPA O 006XKaATHA, MM;
hy — cpefHsA BBICOTA IUJIMHAPA IOCTE O0XKATUA, MM.

9TOT METOJ, AaeT BO3MOJKHOCTh OIEHUTHL CyMMapHOe (IJIaBHBIM 00pasom
¢dyracuoe) geiicTBue HOBEIX BB 1A CKBa’KMHHBIX 3apPAJ0B C MOHUMKEHHOH
YYBCTBUTEJIBHOCTBIO K AETOHAIIHH.

3aBUCHMOCTh CTEIEeHU O0KATHUs CBHUHIIOBBIX IUJIHUHIPOB OT KOJIMYECTBA
TBEPAOTO TOPIOUYEro WIcTpupyer puc. 2. Hamumo Gonbmasa sddexTus-
HOCTh KEpOI'eH- M CAIlpPOIEeJUT-coAep:Kammux BB, uTo, BepossiTHO, 00yCJIOB-
JIeHO 0oJiee BBICOKMM COLEPIKAHMEM B BTUX T'OPIOYMX MCKOIIAeMBIX JIETY-
yuxX BemlecTB. Hajnuume B KeporeHe Mmacjia obecmeumBaeT 0oJiee TECHBIMH
KOHTaKT mopomka ¢ AC u yBenuuuBaeT 3¢(PEeKTUBHOCTh B3PhIBA.
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Puc. 1. CxeMa HCOBITATENBHOrO CTeHAa: I — meToHATOp, 2 — IpoMe-
JKYTOYHBIN HEeTOHATODP, 3 — TUJIb3a C IIEeCKOM, 4 — UCIBLITYeMbIH 3apss,
5 — pUCTAHIMOHHOE KOJbIO, 6 — HAKOBaJNbHA, 7 — CBUHIOBBIHN
UUJIAHAD, 8 — OCHOBaHUE

Fig. 1. Flue-sheet of test bench: I — primer detonator, 2 — inter-
mediate detonator, 3 — sand case, 4 — testing charge, 5 — hoop,
6 — anvil, 7 — lead drum, 8 — foundation

Haubonpmasa acddexTuBHOCT, B3phIBa HaGuiogaercs npu 10—15 % -Hom
COJepKaHUM IBIJIY, IIPU YBEJIWYEHUU [JOOABKU TOPIOYEro KOMIIOHEHTA
obG:xaTue IMIMHAPOB yMeHbIIaercs. IIpu comepskanuu mneiau cBeime 20 %
KpUBas BBIXOJUT Ha ILJIATO, YTO CBHUJETEJILCTBYET O pas3OpachbiBAHUM H3-
OBITKA TOPIOYEro KOMIIOHEHTA B3PLIBOM M3 30HBI peakKIuu. llociremHee
NOATBEPXKJaeTCA MAAHHBIMM O HaujJyulleid ropiouectu AC ¢ yriaem mpu
cozepxanuu yraa 15 9%, B To Bpems Kak jgasibHellnee mob6aBiieHUe yTIJd
TMIOHUXKAaeT ropoyecTb cMmecei [3].
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Puc. 2. 3aBUCHUMOCTD Bd)(bEKTHBl-IOCTH B3peIBa cmeceit AC oT comepxa-
HHUS B HUX TOPIOYEro KOMIIOHEHTa: KEePOTeH 3CTOHCKOrO CIaHIa-KyKep-
cuTa, COOOJIEBCKOTO CAIIPOIIEJIMTOBOTO YIJI W KAMEHHOI'O YyIJIa
Fig. 2. Explosing efficiency of mixtures of ammonium nitrate with
solid combustible fossil fuels as a function of the fuel content:
Estonian kukersite kerogen, sapropelitic coal, bituminous coal

Heo6xX0auM0 OTMETHTh, UTO Gpu3aHTHHIN 3ddexT cmecu AC c yriem
3aBHCUT U OT MapKu yrisd. Jlydmrue pe3ysbTaThl IOJIYYEHBI C CAIIPOIIEIU-
ToBeIM yrJieM. BpusanTHOCcTs mo I'OCT 5984-80 musi cmecu AC ¢ 109%
KaMEeHHOro yrjs paBHa 13 MM, ¢ KeporeHom — 15 MM, ¢ canpoIeiu-
ToMm — 17 mwm. '

CamnpoIeJuTOBBIe YyIJIM [0 CBOEH IIPUPOZE OJIU3KU K KEPOreHy, HO B CMe-
cax 6e3 XHIKOI'O Iopiouyero He CTOJIb 3(pGeKTUBHBEI BO B3PLIBUATOM IIpe-
BpalieHuu. I103TOMY IOCIEAYIOIIMe OIBITHI OBIJIM IIPOBEJEHBI C HCIIOJIb-
30BaHMEM B KauyecTBe CMAauuBalolleil mo0aBKu AmseabHOro TomauBa ([T).
PacueTHBIM IIyTeM IIPpU KHCJIOPOAHOM OajiaHce, OGJIMBKOM K HYJIEBOMY,
nozo6panbl Kommo3unuu, Braoyammue AC, [IT u TBeppoe ropiouee. ITomy-
YyeHHBIE MEXaHHWUYECKHMM IlepeMeIlluBaHUEM KOMIIOHEHTOB MOJeJIbHBIe
o6pasusl BB moaBeprasii MCOBITAHUSAM Ha (DUBUYECKYIO CTAOHMIBHOCTH U
CBIIIYYECTb.

BusyanpHBIM IIyTeM IIPHU IIPUTOTOBJIEHWHM U HCIBITAHHH COCTABOB OIle-
HUBAJX TEXHOJOTHUYHOCTh H3TOTOBJIEHHS ¥ PAaCCJIanBaeMOCTh KOMIIOHEH-
ToB. ONITUMAaJBHEIM [JIsI BCEX PACCMOTPEHHBIX FOPIOYUX KOMIIOHEHTOB OKa-
3aJica cocTas, comepxamuit 94 % AC, 29% AT u 4 Y% nbinu. IlonydyeHHBIE
BB He melIAT M 06JaZal0T XOpOIel chinydecTbio. CHUIMKEHHE CcOoepiKa-
Hua AT go 1 9% NDpuBOAUT K paccilauBaHUIO KOMIIOHEHTOB, a yBeJIMUYeHHe
0 59, cmocoGCTByeT HAJMMAHUI0O KOMIIOHEHTOB HA CTEHKU CMECHTEJb-
HOIl €MKOCTHM W yXYJIIaeT ChilydyecTh coctaBa. Cyass Mo JaHHBIM HCIBITA-
HU# Ha (usuyeckyio crabuabHocTh (Murpanus AT ua cocraBa), Keporex,
CcampoleNuThl U KaMeHHBIH Yrojb 00JIafaloT XOpolleil yAepiKuBalollel
crnocobHocThi0 MO oTHomeHuioo K JIT. Ilpu comepskaHuM B coCTaBe MO0
49, OT crexaHuss He HabiioJaeTcs Ha IPOTSMKEHUHU 7 CYT.

Hauubsie 06 3¢ (HEKTUBHOCTH AEWCTBUSA B3PHIBA COCTABOB, BKJIIOYAOIIUX
pasJuuyHble TBepJble IrOplOYNe HCKOIaeMble, IPpUBeAeHbl B Tabauie. B pa-
6ore [3] ycTaHOBIEHO, YTO COCTABEI C YIJIeM, MMEIOIIMM BBEIXOJ JIETYUYHX
e 20 9% npu ecrecTBeHHOU BiakHOCTH A0 40 9% u comepsKaHUM 30JIBI
6osee 10 %, o61ana0T HUBKUM PHEPreTUUECKUM yPOBHeM. D deKTHBHOCTD
B3pPBIBA TAKHX COCTABOB Oyim3Ka K 3¢G@deKTHBHOCTH B3PHIBA OOBIYHOM I'pa-
HYJIMPOBAHHON aMMUAYHON CEJIUTPHI U HAXOAUTCS B mpemenax 22—26 mm.
ITosTomMy cmenuaJbHO MOAOMPATN KaMEHHBIE YIVIA € OOJIBIIMM BBIXOJOM
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XapaKTepHCTHKA rOPIOYAX HCKONAEMEBIX, %, H 3()(eKTHBHOCTE B3PHIBA CMeCei,
copep:xkamux 94 9% AC, 2% AT um 4 Y% NDBLIH roprvero HCKOIaemoro

Fossil fuels properties, %, and explosion efficiency of the mixtures containing
94 9%, of ammonium nitrate, 2% of diesel fuel and 4 % of fossil fuel powder

Topiouee uckomaemoe IlerporaduyecKuin 3ons- Bumax- Breixox Breixox — Oddex-
cocras HOCTH HOCTH JIeTy- JIeTy4YUX THBHOCTh
9UX Ha ropio- B3pHIBA,
Burpu- Ansru- Jlunru- Yyee UCKO- MM
HHUT HUT HUT naeMoe

KaMeHHBI# yroJib:

Ky30accKuit 70 2 3 9,3 4,7 35,2 31,9 30,0
OJIEHEKCKUM 92 8 —— 12,6 9,1 44,3 34,7 30,7
KeporeH roprouero
caaHIa — — — 31,5 — — — 39,6
Camnpomnenur:
TaUMBIDCKUMK 13 87 — 3,5 1.1 84,3 80,4 36,0
YapPUYMKCKHMK 27 73 — 3,6 0,5 90,0 86,3 39,8
co00JIeBCKH 27 73 — 25,4 10,1 73,0 47,1 40,2
KYLIMYPYHCKHI 18 99 — 45,9 6,5 86,0 40,9 39,5
6ymaroBcKuit 10 90 — 11,7 B 86,0 75,0 35,6
Bapsacckuit aumnro- )
6uoIUT 11 — 89 15,3 2,9 58,1 47,5 26,0

JIeTYyYHUX M MaJIBIM COJep KaHWeM 30JIbI W Biaru. IIpu comep:xkaHUU JIeTy-
yux cBeinre 30 9% u BaakHOoCcTH HuKe 10 9%, BIMsHME 30JIBI Ha Pe3yJIbTAThI
'B3pBIBA CTAHOBHUTCS HE CTOJIb 3aMeTHBIM. Ilo HaHHBIM SKCIEPHMEHTOB
(cM. TaGauIly), COCTAaB C KYIMIMYPYHCKHUM CAIIPOIIEJIUTOM HMEET BBICOKYIO
addexTuBHOCTEL (00KaTue 39,5 MM) Ipu cozepskaHUU 30JbI 45,9 Y.

B 1mesoM B3pBIBUATHIE CMECH, BKJIOUAIOIHE CAIIPOIEJUTOBBIE YIJIU
¥ KeporeH ropioyero cjaHia, Ha 19—34 % sddexTuBHee cmecei, comepxa-
IUX JydIillde MapKu KaMeHHBIX yrjed u Gapsacckuit sunrobumonut. Cie-
IoBaTenbHO, 3dderTuBHOCTE cmeceir AC ¢ [T u mopomkamMu TBepABIX
FOPIOYMUX MCKOIIaeMBIX 3aBUCUT He TOJBKO OT KOJMUYECTBa, HO U OT COCTaBa
JIETYYUX NPOAYKTOB. CampomesuTOBBIE YIJIM OTJIHUYAIOTCS OT I'yMYCOBBIX
yrieid u 6ap3acCKOro JIMIITOOMOJIMTA BBICOKMM COIEPKAaHUEM aJIbIMHUTA,
3HAYUTEJBHBIM BBIXOJOM CMOJIBI IIOJIYKOKCOBaHHWS, OOOTaIlleHHON Iapa-
(GUHOBEIMU yrJieBoZOpOoZaMu. MOJXKHO MOJaraTh, YTO IPH B3PbIBE CAIIPO-
IIeJINTHI Pas3jaraiTcs C BblJeleHUeM NapaduHOB, 00eCIeUYNBAIOIIUX IOBbI-
LIEHHYI0 9((PEeKTUBHOCTh IPOCTHIX B3PLIBUATHIX CMECEH.

TakuM 00pa3oM YCTaHOBJIEHO, UYTO CAIPOIEJIUTOBBIE YTJIH, Ico'ropme
TMOILYTHO MAOOBIBAIOTCSI Ha psALE YLOJbHBIX MECTOPOMKIEHUM COBMECTHO
¢ KaMeHHBIMU YIJIIMA U B HaCTOsIIee BPeMsA CUMTAIOTCS OTXOZAMH IIPO-
HM3BOJCTBA, MOTYT GBITH HMCIOJIE30BAHBI KAK KOMIIOHEHT HauboJsiee addex-
TUBHOTO GecTpoTuoBoro BB MecTHOro mpuroroBiieHHA.

N. V. BODOEV, V. P. GORKQVENKO

EXPLOSION EFFICIENCY OF THE MIXTURES OF AMMONIUM
NITRATE WITH SOLID COMBUSTIBLE FOSSIL FUEL

Summary

Trotyl content blasting agents cost much and are dangerous for peoples health
and environment. Therefore the mixtures of ammonium nitrate with coal pow-
ders find much application for blasting off the solid. Blasting agents which do
not contain trotyl are prepared in opencast colliries. The mixture of ammonium
nitrate with coal powders has not much strength.
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In the present work, the explosion efficiency of mixtures of ammonium nitrate
with solid combustible fossil fuel has been examined. The powders with particle
size below 1 mm of bituminous coal, Estonian kukersite kerogen and Sobolevsk
sapropelitic coal were mixed with ammonium nitrate.

The relative explosion efficiency of blasting agents was estimated on the
special test bench. The test bench (Fig. 1) had steel foundation, head drum, anvil,
hoop, sand case, charge of mixture of ammonium nitrate with solid combustible
fossil fuel. The detonator initiating the explosion is set afire by its primer.

The size of lead drum reduction indicates the efficiency of blasting agents.
This size is calculated by equation

h=h; —hs

where h; — middle height before reduction, mm;
h; — middle height after reduction, mm.

The results demonstrate high efficiency of blasting agents with Estonian
kukersite kerogen and Sobolevsk sapropelitic coal (Fig. 2). These fuels contain
much volatile matter and it explains the efficiency of explosion. Kerogen was
mixed with 8 9% of petroleum oil to improve contact. of oil shale concentrate
with ammonium nitrate and increase the explosion efficiency. The mixtures
of ammonium nitrate with 10—15 9% powder of solid combustible fossil fuels
have the highest efficiency.

The brisant effects of mixtures ammonium nitrate with coal, kerogen and
sapropelitic coal were 13, 15 and 17 mm.

Sapropelitic coal is similar to oil shale concentrate, but without oil it is not
effective in blasting agents. The diesel fuel improves contact between ammonium
nitrate and powder. The mixture of 94 % ammonium nitrate, 2 % diesel fuel
and 4 % powder have good physical stability. The explosion efficiency of blasting
agents with combustible fossil fuel are given in Table. The mixtrues with Sobo-
levsk, Taimylyr, Charchik, Budagovo, Kushmurun sapropelitic coals and Esto-
nian kukersite kerogen are more effective than blasting agents with bitumi-
nous coals and Barzas liptobiolite. The sapropelites contain very much paraffi-
nes. It explains the strong explosion effect.
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